In contrast to other threats to American children's health, the treatment and prevention of childhood obesity are considered the responsibility of individual children and their parents. This pressure exists in the context of the societal stigmatization of overweight children and the powerful environmental inducements aimed directly at children to eat nutritionally poor foods. Parents of overweight children are left in the difficult position of fearing the social and health consequences of their child's obesity, and fighting a losing battle against the omnipotent presence of the media and constant exposure to unhealthy foods. This paper brings together several literatures to provide a comprehensive examination of the major challenges facing obese children and their families. In particular, this paper documents the extent of stigmatization towards overweight children and reviews evidence of the conflicting advice given to parents about how to help children develop healthful eating in the face of biological and learned food preferences. We conclude with a call for a shift in thinking about the role of our society in the aetiology, treatment and prevention of childhood obesity.
Introduction
Childhood obesity has been identified as a major threat to children's health in the USA (1) . The prevalence of obesity in children between the ages of 6 and 17 years [body mass index (BMI) > 95th percentile of reference population] is currently estimated at approximately 11%, with an additional 14% overweight with a BMI between the 85th and 95th percentiles (2) . These prevalence rates are a dramatic increase from 1963-70 prevalence rates, during which only 4-4.5% of 6-17-year-olds were overweight (2) . Despite the alarm over these numbers, treatment and prevention are considered the primary responsibility of the individual children and their parents. Public health and economic strategies for the prevention and treatment of childhood obesity are often not taken seriously. For example, when Brownell suggested a tax on high-fat foods to subsidize healthful foods, he was given the 1998 'Nanny of the Year' award for this idea (3) and was subsequently accused of being a 'food fascist' (4) .
There is a striking contrast between childhood obesity and other child safety issues. Most threats to children are considered societal problems to solve. The leading cause of death for children between 1 and 15 years of age is unintentional injury (5) . In response to this, there is public education and legal measures that aim to prevent these injuries. For example, parents are warned about the risks of injury or death from toys, such as choking on small items or falling off scooters. Certainly, parents are expected to keep unsafe toys out of the hands of small children and teach older children how to use toys in a safe manner. To facilitate this, however, unsafe toys that can break into small pieces or pose choking hazards are recalled, and safety measures (e.g. bicycle helmets) are required by law. Similarly, child car seats are legally required and warnings about the danger of air bags to small children are posted inside automobiles. These legal and informational mechanisms create an environment where parents, the legal system and product manufacturers are all working towards the same goal of protecting children. An underlying problem in developing a similar comprehensive strategy to address the rise in childhood obesity is that the attitude towards the treatment of obesity has historically focused exclusively on the behaviours of the obese individual (6) . Obesity treatments for adults consist of behavioural or medical interventions designed to change one person at a time. Obese children are treated the same way, with specific psychological, behavioural and medical treatments aimed at individual children and their families (7) . A recent decision of several school systems to mail home letters to parents of overweight children to alert them to their child's poor health status exemplifies the attitude that parents and children are responsible to solve the problem of childhood obesity (8) .
We argue that our society needs to respond to the health crisis of childhood obesity and approach it with the attention given to other environmental risks which affect the well-being of children. The aim of this paper is to bring together several literatures to provide a comprehensive examination of the complex and multiple challenges facing obese children and their families. We live in a culture preoccupied with food and eating, and at the same time, there is a powerful societal stigma against obese individuals, including obese children (9) . Put simply, our current culture consistently and powerfully sends two opposing messages: 'it's good to eat' and 'it's bad to be fat.' This paper will examine how these contradictory messages are sent by the media and popular culture, and the impact of these messages on parents and their children. We also examine the research on how children develop food preferences and the challenge of parenting in a toxic food environment. We then examine the role of parents in filtering these messages and conclude with avenues for further research. With these literatures assembled, it becomes clear that the current problems which contribute to childhood obesity call for solutions at a societal level.
Societal messages about food
We live in a society preoccupied with food. Thousands of new food products are introduced in the USA each year and our desire for new food products has become stronger over time. In 1985, 5500 new food products were introduced. Nearly 10 years later, in 1995, about 17 000 new products were introduced (10) .
Messages about how to feed children
Society provides some consistent messages about how to feed children. The clearest messages involve the period before the child is born. Specifically, mothers should not eat anything that may be harmful to the growing baby and be sure to consume the required nutrients for optimal foetal health. There are popular books with extensive guidelines about how pregnant women should eat (11). Societal messages about feeding infants and toddlers are also clear, and emphasize nutrition and health. There has been a significant move towards breastfeeding and the rate of sales of 'organic' baby foods increased by nearly 2200% from 1989 to 1995 (12) . When children are very young, the societal message is to feed them carefully and only with the best ingredients.
Food advertisements aimed at children
Once the child is over 2 years old, societal messages about food change dramatically. Rather than addressing the importance of proper nutrition for health, children become targets of advertising for a multitude of unhealthful foods. Children are exposed to an estimated 10 000 advertisements for food per year, 95% of which are for fast foods, candy, sugared cereal and soft drinks (13) . By pre-school, the child begins to have preferences for certain products and, according to McNeal, is a 'consumer by influence' (14) . Advertisers place cereal boxes at child eye level because they know that toddlers can recognize brands of cereal and request them from their seat in the grocery cart. Society sanctions using sweets to reinforce for desired behaviour. In fact, this is explicitly recommended by psychologists for behavioural change, such as with toilet training (15) .
Food is a heavily promoted commercial product, and children are the targets. In 1997, the food industry was the second largest advertiser in the USA, with television as the most popular medium (16) . Gallo notes that 'much television advertising is also aimed toward people who do not read newspapers, such as children' (p. 175). Importantly, these advertisement dollars are spent disproportionately on highly processed and packaged foods. In 1997, nearly seven times as much money was spent advertising confectionery and snacks (i.e. candy, gum, mints, cookies, crackers, nuts, chips and other salty snacks) than was spent advertising fruits, vegetables, grains and beans (16) . In the same year, the food industry spent $7 billion on advertising; this is 21 times the $333 million spent by the US Department of Agriculture on nutrition education the same year (16) .
As children enter the elementary and middle school years, societal messages about the role of non-nutritive food become increasingly prevalent and confusing. Candy and sweets are strongly associated with holidays and parties. Soft drink machines and snack foods are available every day in schools. Millions of American children watch Channel One in school, a television network which broadcasts daily educational programming in classrooms. Over two-thirds of the advertisements on this programme are for food products including gum, soft drinks, fast food, candy and snack chips (13) . While children are taught about nutrition in class, these few days of nutrition lessons can't possibly compete with daily exposure to advertising and vending machines outside the classroom.
Food advertisements aimed at parents
In order to address the rise in childhood obesity, we must examine messages aimed at parents and caretakers about giving children sweets. Advertisements send the message that giving a child sweets makes 'childhood that much sweeter' or shows the child 'how much you love her'. Special food treats have become daily occurrences for many children, as they are a convenient and inexpensive way for parents to please their children. This message must be challenged -parents can show children their love and attention in other ways. Advertising that promotes the use of sweets as a sign of love is contributing to the childhood obesity epidemic.
Mixed messages about obesity and eating disorders
One confusing set of messages concerns the rising prevalence of obesity and eating disorders and the role of dieting. Popular press articles in magazines such as News w eek explain that there is a rise in childhood obesity and it is important to promote healthful eating and activity in children (17). A page later, parents are warned that if they are insensitive in how they talk to their child about losing weight, they risk compounding the obesity with 'depression, anxiety, or a life-threatening eating disorder' (18) . Even medical journals have fallen into the trap of seeing these two issues as related. In an editorial in The New England Journal of Medicine entitled 'Losing weight -an ill-fated new year's resolution', the authors argue that losing weight is difficult, sustaining weight loss almost impossible and that 'the cure for obesity may be worse than the condition', where 'countless numbers of our daughters and increasingly many of our sons are suffering immeasurable torment in fruitless weight-loss schemes and scams, and some are losing their lives' (19) .
The numbers speak for themselves. The prevalence of childhood obesity is 11% among children between 6 and 17 years of age (2) . The prevalence of bulimia nervosa among young females is 1% and anorexia nervosa is 0.28% (20) . As 90% of patients with eating disorders are female, the rates among young men can be assumed to be 1/10 of these (i.e. 0.1% for bulimia nervosa and 0.028% for anorexia nervosa). Research suggests that one of the risk factors of developing an eating disorder is being overweight as a child, so it is true that some of those who are today's overweight children may be tomorrow's patients with eating disorders (21). However, this is a very small percentage of the obese child population. In comparison, 60% of overweight children have developed at least one cardiovascular risk factor (i.e. high blood pressure, lipid levels or impaired glucose tolerance) and 20% of overweight children have two or more of these (22) . Fear of inadvertently inducing more eating disorders should not keep people from addressing childhood obesity.
A challenge for parents: feeding children healthful foods
While the media and popular culture clearly promote poor foods, parents are held responsible for feeding their children properly. Yet, parents are vulnerable to the same societal pressures as everyone else to eat in an unhealthful manner. Parents are encouraged to show their children how much they love them by feeding them sweets, but at the same time are warned not to let their children get fat. The following section outlines several challenges parents face in promoting good nutrition in the current environment (Table 1 ).
Children's initial food preferences are biologically driven Clearly, parents want to promote healthful eating habits for their children. Part of the challenge is that children's initial food preferences are biologically driven. After the first 6 months of life, the transition from suckling to eating appropriate foods begins. This is an important time in children's development of eating patterns because food preferences strongly influence food intake and thus help form the foundation of their overall diet (23). Children are born preferring sweets and salt There is a major collision between biology and the environment in the consumption of sweets and salt among children. It is known that high levels of sugar and sodium intake are linked to the development of hypertension and diabetes (24) . Consequently, most dietary guidelines recommend limiting salt and sugar intake (25, 26) . Despite this, research indicates that children consume significantly more added sugar than recommended (27) . Why is this? Children are born with a genetic predisposition to prefer sweet tastes and quickly develop a preference for salty tastes as well as an innate dislike for bitter and sour tastes (28, 29) . These preferences are thought to have served an evolutionary purpose, as sweetness positively predicts the energy value of foods, and bitter tastes are linked to toxic substances (30) . Today, the prevalence of foods high in sugar and sodium makes this innate preference not only unnecessary but dangerous. Parents face the difficult task of asking their children to fight their biological preferences and limit sweets and salty foods. They can help with this by providing exposure to foods prepared without excess salt and sugar. However, when these foods are readily available and heavily promoted outside of the home, parents face an uphill battle.
Encouragingly, there is evidence that if children are continually exposed to healthful foods, they will learn to prefer these foods. Sullivan & Birch examined children's acquisition of food preferences and demonstrated that repeated exposure to a novel food led to increased acceptance; in addition, that increased preference occurred regardless of whether the new food was sweetened, salty or plain (31) . Interestingly, repeated exposures to either the plain or flavoured food decreased preferences for the other food. Thus, children who repeatedly taste the plain food develop a decreased preference for the salty/sweet foods and vice versa. This has important implications for those who make children's meals. Parents, restaurants and schools may feel that it makes sense to add salt or sweeten foods to increase children's initial acceptance, but this strategy may actually result in decreased long-term acceptance of the food prepared plain without added flavours (31) .
Children are reluctant to try new foods
People are encouraged to eat a variety of foods in order to achieve a balanced diet. Yet, children do not immediately or willingly accept new foods, with the exception of sweets (32) . This developmental fear of new and unfamiliar foods, called neophobia, is thought to have evolutionary roots to protect the child from eating potentially toxic or inappropriate substances (33) . Initially, all foods to the growing infant are unfamiliar, and neophobic reactions can substantially shape subsequent food preferences (33) . This poses a challenge for parents who may label their child finicky and give up promoting a variety of non-sweet foods.
Research suggests that children's food preferences are also influenced by associative learning where children learn to accept or reject new foods on the basis of taste and anticipated consequences of eating the food (34) . There is evidence that repeated exposure and tasting of new foods can reduce neophobia and increase acceptance of unfamiliar food items. Work by Birch and colleagues have demonstrated that approximately 10 exposures of tasting food are adequate to establish and increase acceptance in infants (31, 35, 36) . Recent work has demonstrated that much of the increased acceptance to new foods may occur early in the sequence of exposures and that infants' consumption of a novel food also generalizes to increased acceptance of similar foods within the same general food category (33) .
How parents respond to their child's neophobic behaviours and subsequently present new foods is consequential to early food acceptance. Few parents recognize that rejection of new foods is a normal and adaptive process for developing children and that successful food acceptance may take time (32) . One self-report study indicates that parents feel they have little control over whether their children will eat and enjoy certain foods. They also report focusing more on providing food that is enjoyable to their families rather than making food choices based primarily on health and nutrition (37) . Parents may assume that their child dislikes particular foods after a couple of attempts at feeding; as a result they stop presenting those foods and instead offer only preferred items (32) . Given innate preferences, it is likely that preferred foods are those higher in sugar and salt. On the other hand, if healthful foods are repeatedly fed to children, they can also learn to prefer those foods.
The role of modelling
Several studies have tested various teacher behaviours to increase pre-school children's acceptance of novel foods. In one study, the effectiveness of five different teacher actions were compared (i) rewarding children with a dessert for trying new foods; (ii) modelling; (iii) insisting that children at least taste the food once; (iv) offering the child the choice to try new foods; and (v) exposing children to the novel foods as a control condition (38) . Overall, offering dessert as a reward and offering children the choice to taste the novel foods were most and equally effective in encouraging children to sample the novel foods and in eating more bites of the novel foods. Simply exposing the children to novel foods was less effective than the other strategies and teacher modelling was the least effective. Offering children choices in trying new foods may be the most adaptive strategy as it may encourage self-regulation and help children eat certain foods because they choose to (38) . Although additional work has demonstrated that children's preferences for foods increase when those foods are used as rewards (39) , the outcome of increasing food acceptance may not outweigh long-term preferences for unhealthful food rewards which can become established using this approach. Other researchers have cautioned practices that promote the use of food in contexts of punishment and reward as children may ultimately come to dislike foods used in these ways (34) .
In several related quasi-experimental studies, silent teacher modelling was found to be ineffective in encouraging food acceptance among pre-schoolers, but 'enthusiastic' verbal teacher modelling was found to increase food acceptance (40) . However, when a competing peer model was introduced into the eating environment, the effectiveness of teacher modelling disappeared, suggesting children are more influenced by peers. The authors suggest that enthusiastic teacher modelling can effectively increase children's food acceptance but that competing peer models may hinder this process, particularly among girls.
Parental behaviours may also foster increased acceptance of nutritious foods and appropriate self-regulation in children. One study demonstrates that young children are more willing to taste novel foods if their mother models tasting the food first compared to a condition in which children are offered food with no adult model (41) . Some work has demonstrated that parental modelling of fruit, juice and vegetable consumption was positively related to consumption of these foods among elementary school children (42) . One study of self-reports of elementary school students indicates that lack of parental modelling of eating fruits and vegetables is a primary reason children cited for not eating those same foods (43) .
Children are predisposed to prefer energy-dense foods
In addition to resistance to new foods and innate preferences for sweet and salty tastes, children are predisposed to learn to prefer energy-dense foods, which tend to be high in fat (23) . Several reasons for this preference are possible. There are pleasant physiological and satiety effects from these foods -they often have rich flavoursand children may learn to associate these foods with special occasions (32, 44) . Several studies have reported learned preferences for energy-dense foods, as certain flavours are conditionally associated with satiation signals (45, 46) . Although children are innately predisposed to learn to prefer these foods, this preference may be compounded by repeated exposures and association of these foods with positive social situations.
One social situation that may reinforce calorie-dense foods is eating out at restaurants. A recent study of the food items on children's menus at the top 10 most profitable American restaurants found that nearly every restaurant offers high-fat items such as fried chicken nuggets, hamburgers and french fries (MB Schwartz, J Hrabosky & KD Brownell, unpublished data). Interestingly, most of the restaurants offered healthful alternatives on the regular menu, but these items were considered only for adults. It is striking that the least nutritious items on the menu are suggested as the most appropriate for children.
Can children self-regulate their food intake?
Given the powerful biological and environmental influences to eat high-fat and sweet foods, many parents who want their children to eat a healthful diet feel pressured to restrict their child's intake of these foods. Unfortunately, parents are often alone as the voice of moderation against the backdrop of advertisements and daily exposure to unhealthful foods in our environment. Can children be trusted to self-regulate their intake, or should parents intervene and try to influence their child's eating?
There are several studies suggesting that children can self-regulate their food intake under some circumstances. Studies conducted in the 1930s are the first to demonstrate that infants can regulate food intake when nutritious foods are offered in the absence of parental control (47, 48) . These studies included infants from 4 months old to 4-year-old toddlers, where a variety of fresh, unsweetened, unprocessed foods (such as oatmeal, chicken, ocean fish, cereals, eggs, fruits and vegetables) and milk were offered to children to select on their own at each meal. Since then, additional work has indicated that infants as young as 6 weeks old can adjust their intake of formula in the absence of maternal control when the energy density of the formula is varied (49) . The finding that breast-fed infants have better self-regulation abilities than formula-fed infants supports the idea that children do better when they control their own intake. In theory, those who are breast-fed have more control over energy intake and gain more experience with self-regulation than formula-fed infants whose intake is controlled by whoever is holding the bottle (32, 50) .
Research by Birch and colleagues measured food intake of pre-school children over 24-h periods on six different days and found that children's food intake fluctuated considerably from meal to meal but that total daily calorie intake was consistent because of appropriate caloric compensation throughout the day (51). The menus available included a variety of nutritious foods, with a limited amount of high-calorie foods (i.e. a cookie or serving of chips at snack, one brownie or pudding for dessert). The authors conclude that children are able to effectively selfregulate intake over time.
On the other hand, several of Birch's studies use a freeaccess procedure where children are given the opportunity to eat additional food following a meal where they have reported they are full. They are left alone in a room for 10 min with toys, books and large quantities of palatable snacks (i.e. fig bars, popcorn, pretzels, candy chews, potato chips, chocolate bars and ice cream). Across studies, the average intake of calories during the free-access time is 6-12% of the recommended dietary allowance for the age group (52) (53) (54) . In other words, children will eat even when they are not hungry if they are given free access to palatable foods.
The evidence from these studies suggests that children can effectively self-regulate when surrounded by a variety of 'nutritious' foods. However, it is not known how effectively children can self-regulate intake over time when surrounded by fast-food and snacks high in fat and sugar. This question is important to parents who need to know whether they are making things better or worse by keeping 'junk' food out of the house. It is also important to decision-makers of school systems whether or not to allow soft drink and snack vending machines in schools.
What happens when parents reward eating?
Children's ability to self-regulate can be influenced by certain parental factors. One of these is rewarding children for eating, even when they are not hungry. In a study where parents either fed children in response to hunger and satiety cues or rewarded children for eating all food on their plates, children's ability to regulate energy intake disappeared and food intake increased in the context where they were rewarded for eating (35) . Along the same lines, sometimes parents use food as a reward, such as dessert after eating vegetables at dinner or ice cream for an accomplishment. A recent retrospective study of adults has found that individuals who recall their parents using food as a reward were more likely to struggle with dieting and binge eating in adulthood than people who do not remember food being used in this way (55) .
What happens when parents restrict access to unhealthful foods?
There have been a number of studies that address the relationship between reported parental attempts to control children's food intake and the amount of food children actually eat. Fisher & Birch found that maternal attempts to control their daughters' food intake correspond with increased intake when these girls were given free access to restricted foods (52, 53) . The findings are compelling; in each study, there are strong correlations between mother's and daughter's weights, between the mothers' own dietary restraint and attempts to restrict their daughters' access to high-fat, high-sugar foods, and between maternal restriction and daughters' increased intake of restricted foods when given free access. The authors interpret these findings as evidence for the following sequence: some mothers struggle with their own weight, attempt to restrict their own intake and experience dietary restraint. These women worry their daughters will also have these problems and therefore try to restrict their daughters' intake. This leads the daughters to desire these foods even more, and when given a chance, to eat these foods in excess of other girls whose mothers do not behave in this manner. Fisher & Birch acknowledge that their data are cross-sectional and cannot address causality between child and parental behaviour (52, 53) . The question of causality is critical, however, as it has important implications for recommended parental behaviour. (56) . In this study, pre-school children participated in two types of snack sessions: unrestricted sessions when they were offered both control and target snacks, and restricted sessions when they were offered only the control snack and the target snack was instead placed in a closed glass jar in the middle of the table. During the experiment, children reported increased desire and intake of the restricted food item, and children with restrictive mothers showed the strongest response. After 3 weeks, however, children showed no change from before the experiment on their intake or selection of the restricted food.
The role of seeing what you cannot have
Another experiment examined the impact of parental monitoring by offering children a variety of palatable foods under three conditions, they were: monitored by their parents, told that they were alone or told that their parents were watching. The children who thought they were alone chose more unhealthful foods and had a higher total calorie intake compared to those who knew they were being monitored (57) . The authors conclude that because parents tend to restrict foods high in sugar and fat, they may paradoxically promote children's selection of these higher-calorie foods when they are available (56, 57) .
Another view of this finding is that children are essentially participating in a version of the former experiment every time they go to the store with a parent. There are candy counters at all types of stores (even stores that do not primarily sell food). Children stand in line with their parent, staring at dozens of types of candy that are unavailable to them. When they ask for some candy, the parent must then decide whether or not to buy it. The consequence of saying yes will lead to additional empty calories, but saying no may create a stronger desire and later dietary disinhibition. The current environment forces many parents into a no-win situation.
Other research has assessed eating behaviours of 5-yearold girls and their parents and essentially found that children do the opposite of what they think their parents want (58) . In one study, daughters' dietary restraint was related to perceptions of parental pressure to eat more, and daughters' disinhibited eating was related to perceptions of parental restriction of access to those foods. In addition, one-third of girls reported restrained eating at age five, and three-quarters reported disinhibited eating when presented with desired foods. Again, these findings raise the question of causality between parental efforts and child dietary behaviours.
Which came first -parental restriction or child disinhibition?
Currently, there are no studies that fully answer this question of causality, but it is an important question to address because it has implications for recommendations to parents. There may be a genetic component to disinhibited eating and mothers who struggle with dietary disinhibition may have genetically passed on this vulnerability to their children (59) . Still another hypothesis is that parental restriction and child over-eating get caught in a diet-binge cycle (i.e. as parents try to restrict their child's access to food, the child becomes more preoccupied with eating, which leads to the child over-eating and the parents more determined to do a better job restricting their child's intake).
Johnson & Birch conducted a study where pre-schoolers were given either high-or low-calorie drinks followed by healthful lunch meals and children were assessed to determine whether they adjusted their intake in response to the pre-load (60) . Children who were poorer at self-regulating calorie intake and who ate more food despite having high calorie pre-loads were more likely to have mothers who reported high control in child-feeding practices as well as disinhibited eating styles. Children who were heavier showed less ability to self-regulate. Gender differences emerged where boys demonstrated more appropriate compensation of intake than girls and the mothers' own dietary restraint was associated with increased eating for boys but decreased eating with girls. This suggests that restrained mothers may be attempting to restrict their daughters' intake but not their sons' (60) . An alternative interpretation is that daughters are more sensitive to their mothers' messages about food intake than are sons.
The relationship between maternal control of food and child eating and weight appears complex. Robinson et al. used self-report measures (developed by Birch and colleagues) to assess over 700 third-grade children and their parents and found that parental control of children's food intake was inversely related to overweight status in girls (61) . However, consistent with past research, no relationship was found between parental control of children's food intake and overweight status in boys. This sample of 8-and 9-year olds was older than the studies of pre-school children conducted by Birch and colleagues, perhaps suggesting that the impact of maternal feeding practices on girls may change over time. As the authors suggest, the influence of parental control over food may be lessened or replaced by peer and media influences as girls mature.
A second study of elementary school age children (7-12 years) and their parents found that mothers who had one overweight and one lean child did not differ in their feeding practices for each child, as assessed using the same self-report measures as the above study (62) . These mothers did perceive, however, that their obese child had greater intake and more difficulty self-regulating than their slimmer child (62) . The small sample of this study necessitates further research to replicate these findings. To help clarify the contradiction between these findings and those of Birch and colleagues, longitudinal data are needed to measure the influence of parental control and additional familial variables on children's weight over time.
With respect to children's self-regulation abilities, research suggests that parents need to offer nutritious foods from which children can serve themselves without parental coercion or interference (47, 51) . Interestingly, one study about children's eating habits found that parents are actually doing a good job -meals that children eat at home are more nutritious than those they eat at school, other people's houses or restaurants (54) . This suggests that not only parents but also restaurants, school cafeterias and others who feed children need to provide an array of predominantly nutritious foods from which children can choose.
Do parents and children need more nutrition education?
There is some evidence that parents believe they feed their children healthful foods but, in practice, provide foods that they think their child will like. In one study, mothers thought they fed their children according to nutritional guidelines but actually fed them more sweets and less nutritious bread and dairy products than they fed themselves (63) . A study of kindergarteners found that children know that excess salt, sugar and fat are unhealthful, yet they still prefer to eat these foods (64) . This raises the point that simply educating parents and children about the importance of good nutrition is not likely to lead to improved eating behaviour. Knowledge about nutrition may be less important than what foods are readily available in the environment.
It may be more useful to teach parents how to implement the nutritional knowledge that they already have. Parents need assistance in creating an environment where primarily healthful foods are available. If the environment naturally provided exposure to foods that are consistent with the food guide pyramid, children would adhere to its principles more easily. Until then, parents need ideas on how to protect their children from the current food environment. Modelling healthful eating for the whole family is an important start. It is also important not to single out the overweight child when making dietary suggestions. Parents may decide to keep unhealthful foods out of the house, just as many parents today decide that smoking is not permitted at home. It seems impossible to suggest that parents of an obese child should not try to help their child restrict his or her food intake. As the research suggests, however, there may be risks in doing this. Another issue is that the implicit message in encouraging restriction may be internalized by the child as saying that there is something wrong with his or her body. In a society that stigmatizes obesity, how can parents encourage healthful eating without generating feelings of shame in the child and self-blame for the obesity? This is an important question worthy of further research.
Societal messages about fat
The societal message about being fat in the 21st Century is clear: it is bad to be fat. But why is it bad? Clearly, there are serious medical consequences of obesity. The medical issues, however, are sometimes used to cloud the clear bias and discrimination against obese people. Obese people are not discriminated against because they are medically compromised. They are stigmatized because their obesity is viewed as a reflection of poor character. Common stereotypes associated with obese people include attitudes that they are lazy, incompetent, lacking in self-discipline, selfindulgent and emotionally unhealthful (9, 65) . Both laboratory and field studies have documented discrimination against obese persons in the domains of employment, health care, education and public accommodations (9) . Negative attitudes towards obese persons have become an acceptable form of prejudice in Western society (66, 67) .
Societal stigmatization of obese children
There is a growing literature documenting the extent to which obese children are targets of societal stigmatization. Prejudiced attitudes from other children and resulting peer rejection is one of the most common sources of stigmatization of obese children. Suicides of obese children have been reported resulting from severe stigmatization from peers (68) .
Peer rejection of obese children
A classic study conducted in the early 1960s instructed school children to rank six pictures of children varying in physical characteristics and disabilities in order of who they would like most for a friend (69) . The picture of the obese child was ranked last among pictures of children with crutches, in a wheelchair, with an amputated hand and with a facial disfigurement. A recent replication of this study among fifth-and sixth-grade students reported that there has been an increase in prejudice against the obese child compared to the findings from 40 years ago (70) .
Negative attitudes towards obese children develop early. In one study, pre-school children aged 3-5 years judged an overweight target to be a mean and less desirable playmate compared to an average-weight target (71) . Similar studies found that 3-year-olds associate overweight children with the characteristics of being mean, stupid, ugly, unhappy, lazy and having few friends (72) . Children aged 4-11 years described obese targets as ugly, selfish, lazy, stupid, dishonest, socially isolated and subject to teasing, while averageweight targets were considered clever, healthy, attractive, kind, happy, socially popular and a desirable playmate (73) . Other research has documented that third-and fifthgrade children negatively evaluate obese targets and positively evaluate average-weight targets (74) . Another study found similar beliefs among 9-year-olds who associate overweight body shapes with poor social functioning, poor health and poor academic success (75) .
Research has examined the role of demographic characteristics and knowledge about the aetiology of obesity on children's attitudes. One study measured negative stereotyping about weight among fourth-and sixth-grade students and found that children endorsed negative stereotypes to both child and adult obese targets, regardless of the child's own weight, age and gender (76) . The authors also assessed children's beliefs about the controllability of obesity and found that most children believed that obesity was under personal control and that this belief was positively associated with negative stereotyping. In a similar study, researchers directly examined the influence of knowledge about obesity in a study of third and sixth graders who were randomly assigned to view a video of a peer who was average weight, obese or obese with a medical explanation for the obesity (77) . Overall, child targets in the obese condition received more negative attributions than the average-weight target. The children attributed less blame to the obese child with the medical explanation, but this had little positive effect on attitudes. This suggests that providing information to explain the complex aetiology of obesity is not likely to change attitudes among children towards obese peers.
Cultural and developmental differences in children's biased attitudes have recently been examined by Crystal et al. , who assessed attitudes of fifth-and 11th-grade students in the USA and Japan (78) . Children were asked to describe their reactions to hypothetical group interactions with an obese peer. The American and Japanese fifth graders were much more willing to interact with the obese peer than were the eleventh graders in either group. The fifth-grade Japanese students were more eager to include the obese peer in a group activity than their American counterparts, but among the eleventh graders, the Japanese students were similar to the American teenagers in their reported refusal to interact with the obese peer.
One reason why the bias appears to worsen as children get older may be that it is linked to children's own body dissatisfaction. There is evidence that many elementary school age children are dissatisfied with their bodies and the level of dissatisfaction increases with age. In a study of fourth-grade children, 49% of girls and 30% of boys chose ideal body sizes thinner than their own and only 10% of boys and 11% of girls selected a body size larger than their own (79) . Similar research with children aged 6-12 years found that children's reported ideal body type becomes thinner as children get older (80) . If there is a causal link between negative attitudes about obese peers and one's own body dissatisfaction, the direction of this relationship is not known.
Surprisingly, little research has assessed the subjective teasing experiences of obese children. One exception is a study of perceived stigmatization among overweight adolescent females (81) . In this sample of 50 girls, 96% reported stigmatizing experiences because of their weight, the most frequent being weight-related teasing, jokes and derogatory names. Peers were the most common perpetrators of harmful comments and the school was the most common environment. The girls reported being stigmatized throughout elementary and high school but reported they had not yet learned how to effectively cope with these experiences.
Adult rejection of obese children
Peers are not the only sources of weight stigmatization in the school setting. One study examined attitudes towards obesity among junior and senior high school teachers and found biases including beliefs that obese persons are untidy, more emotional, less likely to succeed and have more family problems (82) . In addition, 43% of teachers strongly agreed that 'most people feel uncomfortable when they associate with obese people', 55% agreed that obesity often stems as a form of compensation for lack of love or attention and 28% agreed that 'one of the worst things that can happen to a person would be for him/her to become obese.' A similar study assessed elementary school principals' beliefs about major contributors of childhood obesity and found that 59% cited lack of self-control and 57% blamed psychological problems (83) . While principals agreed that childhood obesity is a major cause of peer rejection and that schools are not doing enough to alleviate childhood obesity, a quarter of them also believed that teachers would not be supportive of implementing school-based treatment programmes to help obese students.
Obese children face stigmatization from educators beyond grade school. Obese students have been found to have lower college acceptance rates despite equivalent academic records to their non-obese peers (84) . There have also been legal cases where overweight students have filed suits against teachers and educational institutions for stigmatization (85) . The long-term impact of stigmatization at school is not fully understood. One prospective study found that overweight adolescents complete less education, are less likely to be married and have higher rates of poverty by adulthood when compared to their normal weight peers (86) . The hostile school environment for obese adolescents may play a causal role in these outcomes.
The damage due to stigmatization
Impact on self-esteem It is intuitive that obese children are likely to suffer psychologically; however, the research evidence is mixed. French et al . reviewed 35 studies examining self-esteem and obesity in children and found that 13 of 25 cross-sectional studies indicated lower self-esteem in obese youth, and two prospective studies assessing the relationship between selfesteem and obesity had opposing findings (87) . They also report that six of eight treatment studies showed improved levels of self-esteem among overweight children who participated in weight loss treatments. The authors note that inappropriate control groups and small sample sizes make it difficult to establish a clear relationship but, at least among the cross-sectional studies, obesity in children is often inversely related to self-esteem and body esteem. A more recent study reported lower body esteem among overweight 10-16-year-old girls (88) . Similarly, research outside North America studying 9-12-year-old children found that obese children had lower self-perceptions and more negative feelings of self-worth than non-obese children (89) . Very young children may not experience distress about their weight. One study found that levels of self-esteem do not differ between non-obese and obese pre-schoolers (90) . Upon entering school, this changes substantially. In a study of 9-11-year-old children and their parents, self-esteem was lower among girls (but not boys) who were overweight (91) . Low self-esteem was further linked to both the children's belief that their parents view their overweight status negatively and the parental reports of dissatisfaction with their child's weight (91) .
Increased risk of depression
Increased levels of depressive symptoms among overweight children have been reported. Several studies have found an increased risk of depression among obese children presenting for treatment and significant depression and lowered self-esteem among obese paediatric patients (92, 93) . A recent study of third-grade students also reported higher depressive symptoms among overweight girls, where concerns about being overweight largely explained the positive relationship between BMI and depression (94) . This suggests that obesity leads to concerns about weight, which then leads to depression.
Obese children blame themselves
Not only do overweight children feel badly about themselves, but the more they feel they are to blame for their obesity, the worse they feel overall. A study of children aged 9-11 years found significantly lower levels of self-esteem among clinically overweight children when compared to normal weight peers and also found that those children with the lowest esteem believed that they had personally caused their obesity (95) . These children also felt extremely ashamed of their weight and attributed their weight to the reason for having few friends and being excluded from social activities. Furthermore, 90% of the overweight children believed that teasing and harassment from peers would cease if they could lose weight and 69% thought that they would have more friends if they were thinner. This study suggests that overweight children internalize societal messages that weight is within personal control and subsequently blame themselves for the negative social experiences that they confront.
Being teased and socially rejected because of overweight is quite different from stigmatization because of religion or ethnicity. The societal message is not only that it is bad to be fat but also that this is a controllable condition and the body is infinitely malleable if only you try hard enough (96) . Most children with special medical or physical conditions know that the adults at school are there to help them cope with discrimination and stigma. When it comes to obesity, however, the very people who should be protecting children also hold the beliefs that obesity is due to a lack of self-control and psychological problems. It is not surprising that children believe these attributions about themselves as well.
It is important to find ways to address childhood obesity without further stigmatizing these children (Table 2) .
Research has found connections between parental 'concern' about their child's weight and decreased self-esteem, body esteem and even perceived lower cognitive ability in children as young as 5 years old (97) . Thus, helping parents and teachers of obese children to challenge their own bias against obese individuals may be the first step necessary in reducing negative stereotypes of obesity (i.e. characteristics such as ugly, selfish, lazy, stupid) and focusing instead on how to help children maintain a healthful lifestyle. Parents and educators must work together to help overweight children cope with discrimination and teasing.
The role of parents: protecting obese children from stigma Parents are held responsible for feeding their children and for their children's mental health and coping skills. However, just as parents live in the same society that promotes unhealthful eating, they also live in the society outlined above that stigmatizes and discriminates against obese individuals. The research on stigma suggests that parents may be stigmatizing their own overweight children in subtle ways which may be as harmful as other types of more overt stigmatization.
An example of such subtle parental attitudes is a study that examined 9-11-year-old children and their parents (91) . Parents were more likely to describe girls as too heavy and boys as thin even though both groups were average weight. Parental perceptions of overweight were related to low self-esteem among daughters. Children were keenly aware of their parents' judgements of their bodies. They were able to predict parental responses about their body sizes with 82% accuracy. Another study found that children whose parents had greater concern about their body size were more likely to distort their bodies as too heavy (80) . The authors concluded that parents play a critical role in affecting how their children feel they should look and that overweight children possibly experience more parental concerns than average-weight children.
Other studies have more directly assessed parental stigma towards obese children. One study found that parents communicated with their children in ways that endorsed stereotypes about obese children (98) . Parents were given three pictures of children (an average-weight child, an obese child and a handicapped child) and asked to tell a story about each picture to their own child. Parents portrayed the obese child as having the most negative selfesteem and self-concept of all three children. There were also striking differences among the three types of stories on the rate of successful outcomes at the end of the story: for the handicapped, the average and the obese child it was 80%, 45% and 0%, respectively. This study provides a glimpse into the way parents may subtly convey their stereotypic expectations about obese children at home. Negative parental attitudes towards obesity may have far-reaching consequences. One study found that it can even affect their children's financial status by the time they reach college. Crandall assessed financial aid among college students as well as attitudes among parents and found that overweight daughters received less financial support from parents for college than did average-weight daughters, regardless of parental income, family size, ethnicity and education (99) . Crandall theorizes that anti-fat attitudes are related to ideological attitudes among parents, which are characterized by valuing self-discipline and believing that people are responsible for their own fate. He posits that individuals with such ideological beliefs may be more likely to blame their obese children for their weight (100) .
Another view is that parents of overweight children also experience stigmatization. In one study, parents of overweight children reported being criticized and blamed for their child's obesity (95) . These parents also reported feeling guilty, angry that their expectations of their children's weight were not met and frustrated that they did not know how to help their children.
Parents of obese children face a complex challenge. First, they must stand by their children and help protect their self-esteem in the face of widespread social stigmatization. Second, they need to help their children make healthful food choices in a manner that will not be experienced by their children as punitive. In other words, parents need to send the message that they not only love and accept their children -and their children's bodies -as they are, but also want to support them in being healthy through making healthful food choices and being physically active. This is a delicate balance to achieve.
Avenues for future research
Clearly, obesity is a difficult condition to treat. The fact that the USA is more obese than at any time in history, with competent adults struggling with weight management, suggests that this problem is not just about lack of nutrition education or inadequate will power. Parents are understandably frustrated with the situation of having an overweight child, and the logical target of this frustration is the child. As a society, we need to address this dangerous cycle of helplessness and blame. We cannot simultaneously endorse relentless marketing of unhealthful foods aimed directly at children and their parents and then turn around and blame overweight children and their parents for having eaten those foods.
There are two primary avenues for future research that are needed to address the problem of childhood obesity. The first is research on how to reduce the stigma of obesity and the second is how to create a safe and healthful environment that provides easy access to nutritious foods and rare access to non-nutritive foods. Table 3 summarizes societal-level interventions that are necessary to help achieve these goals.
Stigma reduction
To date, few studies have attempted to reduce negative attitudes about obese children. An important place to start is with adults who spend time with children; namely parents and educators. Only one study has successfully reduced stigma towards obese persons by educating participants about the biological, genetic and non-controllable reasons for obesity (100) . However, other work has found that providing explanations for obesity that are outside of one's personal control has little effect on changing children's attitudes or behaviours. Interventions may thus require other strategies in addition to education about the complex aetiology about obesity (77) . Attitude change may require direct challenging of general knowledge structures about the stigmatized group and replacing current attitudes with more appropriate and accurate attributions (101) . This type of intervention has yet to be tested with obesity stigma.
A more appropriate avenue for changing children's attitudes may be through prevention and positive body image promotion curriculum in the school setting. One study was able to improve weight acceptance attitudes and reduce weight-related teasing among elementary school children through a school intervention curriculum designed to promote body size acceptance and diversity (102) . Although this is promising, further studies testing this type of program are needed with larger and more diverse samples of children.
In the meantime, obese children require support and skills to cope with stigma experiences. Identification of the ways that obese children cope with stigma is a priority, as is determining which methods of coping are most helpful and effective in reducing stigma and maintaining selfesteem. Parents, educators and other adults who work with children also need to learn about the stigma that overweight children face. These adults need to learn strategies to help children deal with stigmatization adaptively. Given that adults may also be perpetrators of this bias, teaching them to recognize and challenge their own biases may be the first step in this process.
It is also critical that we, as obesity researchers, examine our own biases. Research on the implicit anti-fat attitudes of health professionals indicates that no one is immune to weight bias (103) . This has important implications for the lives of obese children. A common response that we have heard in reaction to our work on weight stigma is that stigmatization may actually have the positive effect of motivating obese people to lose weight. No research to our knowledge has demonstrated that experiencing stigma and discrimination leads obese individuals to achieve greater success at weight loss and improved health. Because obesity rates continue to rise despite widespread societal denigration of fatness, it seems unlikely that additional stigma would reduce these rising obesity trends. In contrast, stigma has been correlated to negative psychological outcomes among obese persons (104) , and research with other stigmatized groups has documented negative effects of stigma on health indices such as blood pressure (105) . If we are to advance research in the field of stigma reduction and develop methods for effectively eliminating bias against obese children, it is critical that as obesity researchers we examine our own attitudes and prevent negative assumptions from blocking important avenues of research.
Change the food environment
There are multiple determinants of what children eat. Among them are biological influences, parental influences and societal influences. In order to address childhood obesity, all of these factors must be considered. The research to date has focused almost exclusively on understanding biological drives to eat certain foods and the link between parenting behaviours and food intake. It is important to note that research supporting the idea that children will appropriately self-regulate their intake has studied either infants who are regulating formula consumption or children who are choosing among primarily healthful options. This research has not been carried out in a naturalistic setting, where children were taken to fast-food restaurants or given unrestricted access to candy and soda. We do not know how living in our current environment influences food intake; our hypothesis is that it leads to overconsumption. Unlimited access to high-fat junk foods has been studied in the laboratory with rats. Normal weight rats who were given access to 'supermarket' foods like chocolates, cookies, cheese and peanut butter gained 269% more weight than control rats who were given specified portions (106) . A hypothesis that needs to be tested in a laboratory setting is whether most children demonstrate poor self-regulation in the presence of a variety of unhealthful foods, regardless of weight status or degree of parental control over feeding. Field experiments are needed to measure the impact of snack and soda vending machines in schools on the intake of these foods, and subsequent health status of the children in those schools.
It is likely that some children are at higher risk of difficulty self-regulating and therefore at higher risk of obesity than other children. It may be possible to determine in early childhood whether a particular child appears to have difficulty self-regulating his or her intake and, if so, provide guidance to the parents on how to help their child manage the current environment. New cognitive-behavioural treatment models for obese children that emphasize goals of adopting healthful eating habits instead of prescribing strict diets may be helpful for this purpose (107, 108) . Eventually, perhaps the environment will promote healthful eating among all members of society. Just as there are wheelchair ramps so that everyone can access restaurants, the menus should include options enabling everyone to order an appropriate meal.
The current thinking about how to address childhood obesity is evident in a US Department of Agriculture publication entitled 'Examining the well-being of children' (54) . One article presents data that children are increasingly eating out of the home more frequently and the foods that are eaten outside of the home (at school, fast-food restaurants, other people's homes) are of poorer nutritional value than foods eaten at home. Another article reports that parents who lack nutrition knowledge are more likely to have overweight children. Specifically, this article suggests that 'obesity prevention and/or treatment should focus on early attention and involvement of parents . . . ' (p. 20) . Given that the first study found that the healthiest meals kids eat are those at home, one could conclude that the real issue is that parents who know less about nutrition make the mistake of trusting others -schools and restaurants -to responsibly feed their children.
Shift the locus of responsibility
The locus of responsibility for childhood obesity needs to shift away from individuals and towards the environment. Society can address this health problem in a number of ways that are consistent with strategies used to combat other childhood diseases. Many of these are outlined in a recent article on the obesity epidemic (109) . Places that are intended to protect children, such as schools, need to become involved in proactive ways (110) . Unhealthful foods should be removed from public schools. Physical education should return as a required part of each child's school day. Advertising unhealthful foods to children should be limited and advertising healthful foods should be subsidized. In addition, parents, teachers and others who work with children need to take on the challenges of educating children not only about nutrition but also about the importance of treating each other with respect and tolerance despite physical differences in size and shape. On the federal level, legal steps to prohibit size discrimination and limit advertising of unhealthful products to children are necessary.
When a child dies because of choking on a toy in a kid's meal, we do not hold the child or the parent responsible by saying that the child should not have had that toy in his or her mouth. We respond by saying that the toy should not have been in the kid's meal and we hold the fast-food restaurant responsible. When a child becomes obese because of eating the same fast-food meals, we say that the child should not have eaten that food and that the parent should not have taken the child to the fast-food restaurant. We demand that toys that are choking hazards in fast-food kid's meals be recalled by the restaurant. Perhaps the entire meal should also be recalled.
